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Epidemiology of Tick Bites and Borreliosis in Children
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and Thomas L. Diepgen1
The so-called ‘‘forest kindergartens’’ have been increasingly popular in Germany since the beginning of the
1990s. These are nurseries located in forested areas where children spend all-season full-time outdoors. Fifty-
three kindergartens in the state of Baden-Wu¨rttemberg, Germany participated in this study. In a prospective
clinical cohort study, the child’s personal data, history, protective parental habits concerning tick bites, number
of tick bites, and cases of borreliosis were recorded monthly (March–October 2004) using a questionnaire.
Altogether, 1,707 children of 25 ‘‘forest kindergartens’’ (506 children) and 28 conventional kindergartens (1,201
children) were included. The response rate was 75% in ‘‘forest kindergartens’’ and 65% in conventional
kindergartens. In the ‘‘forest kindergartens’’, 1,503 tick bites especially on the trunk and on the head were found,
whereas 502 tick bites were registered in conventional kindergartens. Sixteen cases of borreliosis were
diagnosed (10 in ‘‘forest kindergartens’’, six in conventional kindergarten), most frequently manifesting as
erythema migrans. Children attending a ‘‘forest kindergarten’’ have a 2.8 times increased risk of experiencing
tick bites and a 4.6 times increased risk of suffering from borreliosis compared to conventional kindergarten in
Germany, although protective parental behavior in ‘‘forest kindergarten’’ children was significantly better than
that in conventional kindergarten.
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INTRODUCTION
The so-called ‘‘forest kindergartens’’ have been increasingly
popular in Germany since the beginning of the 1990s; the
first one was founded in 1993. There are approximately
400 forest kindergartens in Germany. About one-fourth of
them is located in the state of Baden-Wuerttemberg in
southwest Germany leading to the fact that this state has the
highest number of forest kindergartens within Germany
(www.bundesverband-waldkinder.de). Forest kindergartens
are nurseries located in forested areas where children spend
all-season full-time (mostly, 4–6 hours daily) outdoors. This
educational concept originated from Scandinavia where the
first type of this kindergarten was established in Denmark
more than 20 years ago (Danish: Skovbornehave). Forest
kindergartens usually do not have a building but a caravan or
discarded portacabin, mostly used for storage of materials
and supplies. They are not used for lounging or indoor plays.
The underpinning concept is a special educational concept
that has holistic demands as: daily outdoor stay is meant
to help children identifying themselves with nature, support-
ing the immune system and thereby supporting physical
and mental health (balance of body and mind); enabling
them to gain self-confidence and balance and to restrain
children from the modern, technically orientated and stressful
environment.
Borreliosis is the most common tick-transmitted disease
in the Northern hemisphere caused by spirochaetes of the
Borrelia burgdorferi species (Stanek and Strle, 2003). In
Germany, the south of the country is also affected (Wilske
et al., 1987; Heininger et al., 1993; Huppertz et al., 1999;
Oehme et al., 2002), characterized by B. afzelii as the pre-
dominant genospecies in southwest Germany (Schaarschmidt
et al., 2001). The skin is the most frequently affected organ,
mostly as erythema migrans and also as borrelial lympho-
cytoma; both occurring days to weeks after the infectious tick
bite and acrodermatitis chronica atrophicans occurring
months to years later. Neuroborreliosis also happens in
children, most frequently presenting as facial palsy (Christen
et al., 1993). In children, tick bites mainly affect the head and
the neck (Christen et al., 1993; Berglund et al., 1995). In a
German epidemiological study mainly involving children,
borreliosis occurred in 3.3% of patients resembling disease
ORIGINAL ARTICLE
584 Journal of Investigative Dermatology (2006), Volume 126 & 2006 The Society for Investigative Dermatology
Received 26 August 2005; revised 29 October 2005; accepted 21 November
2005; published online 12 January 2006
1Department of Social Medicine, Occupational and Environmental
Dermatology, University Hospital Heidelberg, Heidelberg, Germany
Correspondence: Dr Elke Weisshaar, Department of Social Medicine,
Occupational and Environmental Dermatology, University Hospital of
Heidelberg, Thibautstrasse 3, 69115 Heidelberg, Germany.
E-mail: elke.Weisshaar@med.uni-heidelberg.de
Abbreviations: OR, odds ratio; RR, risk ratio; CI, confidence interval
prevalence rates also found in adults (Heininger et al., 1993).
The estimated annual incidence for neuroborreliosis is
5.8 per 100,000 children aged 1–13 years, according to
a German study (Christen et al., 1993). The state of Baden-
Wuerttemberg was tested for antibodies against B. burgforferi
sensu latu, revealing human seroprevalence rates in forestry
workers ranging from 18 to 52%, depending on the county of
the state (Oehme et al., 2002). This enables a mapping of
Baden-Wuerttemberg containing low prevalence counties
(o20% or 20–30%), high prevalence counties (30–40%) and
up to very high prevalence counties (440%). To our
knowledge, there are no epidemiological data about tick
bites and borreliosis in kindergarten, neither in Germany nor
in any other country of the world. This cohort study was
performed to investigate whether children attending forest
kindergarten are more exposed to experience tick bites and to
suffer from borreliosis compared to children attending
conventional kindergarten.
RESULTS
The response rate in the retrospective study was 92% in the
forest kindergartens and 81% in the conventional kinder-
gartens. The response rate in the prospective cohort study
was 75% (minimum 50%, maximum 89%) in the forest
kindergartens, and 65% (minimum 47%, maximum 77%) in
the conventional kindergartens. As in all kindergartens some
children started schooling in September 2004, their data
could not be evaluated after this month. Besides, owing to
summer holidays in Germany in August and September, data
return was hampered during these months.
The characteristics of the study population are presented
in Table 1. One thousand seven hundred and seven children
were included in the study; 506 from 25 forest kindergartens
and 1,201 from 28 conventional kindergartens. When
comparing the respective means and proportions, there was
no evidence for a real difference between children from forest
kindergartens and children from conventional kindergartens,
with respect to length of daily stay in the kindergarten, overall
length of stay in the kindergarten, asthma, hay fever, atopic
dermatitis, atopy, sex, and FSME (tick-borne encephalitis)
vaccination.
While considering the retrospective (self-reported) study
part, 3,064 tick bites (1,970 in forest kindergartens, 1,094 in
conventional kindergartens) were recorded. The mean tick
bite number was 3.9 in children attending forest kinder-
gartens and 0.9 in conventional kindergartens, which differed
significantly (Po0.0001). Nineteen cases of borreliosis
were found; 11 in forest kindergartens and eight in conven-
tional kindergartens (Po0.004). In 14/19 cases, the clinical
manifestation of borreliosis was erythema migrans, one addi-
tional case appeared as erythema migrans and borrelial
lymphocytoma. The other manifestations were influenza-like/
unspecific symptoms (two), urticaria (one) and facial palsy
(one). The head was the most frequently affected site of the
body (10/16).
For the prospective study, our univariate findings pre-
sented in Table 2 show weak evidence for a real difference
between groups with respect to age (P¼0.06), and strong
evidence for a real difference with respect to parental skin
inspection, recommended vaccinations, having at least
one tick bite and borreliosis. Parents of children from
forest kindergartens inspected their children significantly
more soundly (including all body regions) for tick bites
than parents of children from conventional kindergartens
(Po0.0001). Upon considering the frequency of parental
skin inspection, there was evidence for a significantly higher
proportion of parents of forest kindergarten children inspect-
ing their children daily (Po0.0001). Forest kindergarten
children were significantly less vaccinated than conventional
kindergarten children (Po0.0001). The prevalence of tick
bites (Po0.0001) and borreliosis (P¼ 0.004) was significantly
higher in children from forest kindergartens. Also, there
was strong evidence for an increased prevalence of tick bites
in forest when compared to conventional kindergartens for
each month during the 8-month study period (Figure 1). The
peak one-month period prevalence was reached in July with
roughly 50% of the children in the forest kindergartens
having a tick bite.
Besides the variables for which we found at least border-
line differences between groups, we also included age in
order to fit a logistic regression model. Thus, we controlled
for confounding by considering age, sex, skin inspection, and
recommended vaccination as covariates and including
them into the model. Owing to missing values, the analysis
was constrained to N¼1,649. As shown in Table 3, we
calculated measures of relative risk separately for the two
outcomes, tick bites and borreliosis.
We found that attending a forest kindergarten was a risk
factor for having at least one tick bite and for borreliosis. The
risk ratio (RR) was 4.56 (95% confidence intervals (CI):
1.57–13.26) for borreliosis and 2.75 (95% CI: 2.46–3.07) for
at least one tick bite. The crude odds ratio (OR) for borreliosis
was 4.63 (95% CI: 1.57–13.61) and changed to 4.61 (95% CI:
1.50–14.17) when multiple logistic regression was performed.
The crude OR for at least one tick bite changed to a greater
extent, from 7.52 (95% CI: 5.93–9.52) to 6.74 (95% CI:
5.29–8.60) after potential confounding was taken into
account.
Altogether, we identified 16 children with borreliosis in
our cohort study. Ten cases of borreliosis were found in seven
different forest kindergartens, five of them being present in
one forest kindergarten at a time. One forest kindergarten had
three cases and one forest kindergarten had two cases of
borreliosis. Borreliosis occurred as erythema migrans in 8/10
cases. In 2/10 cases, borreliosis presented as generalized
urticaria and erythema migrans (n¼1), and arthritis of the
knee without any skin symptoms (n¼ 1). The upper arm was
the most frequent site (n¼3), followed by leg (n¼2), head
(n¼2), and back (n¼1). While looking at conventional
kindergartens, six cases of borreliosis affected four different
facilities. The head was the most frequently affected body
site, showing erythema migrans (4/6); in two cases, even in
combination with borrelial lymphocytoma. Two patients
presented with influenza-like/unspecific symptoms without
any skin lesions. There was one conventional kindergarten
with three cases of borreliosis, and this facility was located
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in the same city as the forest kindergartens that also had
three cases.
When looking at atopic and non-atopic children, there
was no significant difference concerning number of tick bites
(P¼0.58) and borreliosis (P¼ 0.69). When further stratified
according to type of kindergarten, there was also no
difference between atopic and non-atopic children, with
respect to tick bites (P¼ 0.87) and borreliosis (P¼1.00) in
forest kindergartens, and tick bites (P¼0.92) and borreliosis
(P¼0.51) in conventional kindergartens.
DISCUSSION
Borreliosis is a disease that is well diagnosable by an
experienced dermatologist, especially in early stages such
Table 1. Characteristics of the study population
Children in forest kindergarten Children in conventional kindergarten Total
N Mean (SD) N Mean (SD) N Mean (SD)
Age (years) 506 4.8 (1.1) 1,201 4.9 (1.1) 1,707 4.9 (1.1)
Length of daily stay (h) 505 4.3 (0.7) 1,187 4.2 (0.9) 1,692 4.2 (0.9)
Length of stay (months) 488 17.0 (11.8) 1,147 18.4 (12.6) 1,635 18.0 (12.4)
N Percent N Percent N Percent
Sex (N=1,704)
Male 286 56.6 615 51.3 901 52.9
Female 219 43.4 584 48.7 803 47.1
Atopy1 (N=1,707)
No 456 90.1 1,066 88.8 1,522 89.2
Yes 50 9.9 135 11.2 185 10.8
Atopic dermatitis (N=1,707)
No 473 93.5 1,125 93.7 1,598 93.6
Yes 33 6.5 76 6.3 109 6.4
Hay fever (N=1,707)
No 498 98.4 1,167 97.2 1,665 97.5
Yes 8 1.6 34 2.8 42 2.5
Asthma (N=1,707)
No 492 97.2 1,159 96.5 1,651 96.7
Yes 14 2.8 42 3.5 56 3.3
FSME (tick-borne encephalitis) vaccination (N=1,706)
No 404 79.8 976 81.3 1,380 80.9
Yes 102 20.2 224 18.7 326 19.1
Recommended routine childhood vaccinations2 (N=1,705)
No 121 23.9 79 6.6 200 11.7
Yes 385 76.1 1,120 93.4 1,505 88.3
Parental skin inspection3 (N=1,707)
No 249 49.2 832 69.3 1,081 63.3
Yes 257 50.8 369 30.7 626 36.7
1Defined as the presence of either atopic dermatitis and/or hay fever and/or atopic asthma.
2According to the protocol of the Vaccination Commission of the German Ministry of Health (status quo 2004).
3Including examination of head/hair line, eye area, waist/back, hands/feet, ears, axillae, arms/legs, genitals.
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as erythema migrans. It is not contagious and rarely, if
ever, fatal. Furthermore, it can be treated with inexpensive
antibiotics, and cured if the diagnosis is confirmed. However,
prevention is very important including behavioral prevention
such as wearing appropriate clothes (long-sleeved, white or
light color), use of insect repellents and careful (self) skin
inspection for ticks (Hayes and Piesman, 2003). Educational
prevention comprises disseminating information via different
media such as TV, newspapers and magazines, providing
advice, changing attitudes, and behavior including practical
approaches, for example, prompt removal of the tick in case
of tick bites. There is no doubt about the effectiveness of such
measures of prevention. A population-based, randomized
study showed that an educational intervention can increase
the proportion of people who check themselves and use
repellents (Malouin et al., 2003). As measures of relative risk,
we have calculated RRs as well as crude and adjusted ORs.
Table 2. Differences between children in forest and conventional kindergartens with respect to age, sex, parental
skin inspection, vaccinations, tick bites and borreliosis (N=1,649)
Children in forest kindergarten Children in conventional kindergarten
N Mean (SD) N Mean (SD) P-value
Age (years) 503 4.8 (1.1) 1,146 4.9 (1.1) 0.181
N Percent N Percent
Sex
Male 285 56.7 591 51.6 0.062
Female 218 43.3 555 48.4
Parental skin inspection
No 247 49.1 784 68.4 o0.00012
Yes 256 50.9 362 31.6
FSME (tick-borne encephalitis) vaccination
No 402 79.9 924 80.6 0.742
Yes 101 20.1 222 19.4
Recommended routine childhood vaccinations3
No 120 23.9 78 6.8 o0.00012
Yes 383 76.1 1,068 93.2
At least one tick bite
No 135 26.8 841 73.4 0.00012
Yes 368 73.2 305 26.6
Borreliosis
No 493 98.0 1,141 99.6 0.0042
Yes 10 2.0 5 0.4
1P-value derived from two-sided Wilcoxon’s rank sum test.
2P-value derived from Fisher’s exact test.
3According to the protocol of the Vaccination Commission of the German Ministry of Health (status quo 2004).
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Figure 1. One-month period prevalence (March (3) to October (10) 2004)
for tick bites in children from forest (f) and conventional (c) kindergartens in
southwest Germany (N¼ 1,707).
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The differences between the crude and adjusted ORs can
be explained by the assumption that parents from forest
kindergarten showed a more protective behavior, although
they were less sensitive to vaccination. A significantly more
thorough parental skin inspection among forest kindergarten
children’s parents can be considered a proxy measure for
protective behavior. If this more protective behavior is not
taken into account, the crudes measures will overestimate the
true OR. However, the change of OR is not striking and – in
the case of borreliosis – almost non-existing. We conclude
that even though there is a strong tendency towards
protecting their children from tick bites and borreliosis
among forest kindergarten children’s parents, this tendency
does not have much effect.
It is noticeable that there is a clear and pronounced
difference between the RR and the OR when tick bites are
considered. Yet, such a difference cannot be seen with
respect to borreliosis. The reason for this observation is that in
the case of tick bites, the ‘‘rare disease assumption’’ does not
hold true; only when a disease is rare, does the OR
approximate the RR. However, the prevalence of having at
least one tick bite is 73.2% in children from forest
kindergartens and 26.6% in children from conventional
kindergartens. In contrast, with a prevalence of 2.0 and
0.4%, respectively, there is only a very small difference
between the OR and the RR in the case of borreliosis
because the ‘‘rare disease assumption’’ is fulfilled. Thus,
the RR is the adequate measure of effect in this study. It is
appropriate to calculate a RR because of the cohort design
of this study. The principal gain from calculating ORs was
to shed light on confounding effects, especially the
parents’ protective behavior, which seems to be the only
explanation to account for the OR-decrease after control
of confounding.
It is striking as well as impressive that in 50% of the forest
kindergartens, 75% of the children had at least one tick bite
during the observation period (March–October 2004). Even,
in 20% of the forest kindergartens, 100%, that is, all children,
had at least one tick bite. In 50% of the conventional
kindergartens, 25% of the children had at least one tick bite.
The peak month of tick bites was June in conventional
kindergartens and July in forest kindergartens, which confirms
former findings (Berglund et al., 1995). The risk of becoming
sick with borreliosis was also investigated in children who
had been bitten by infected ticks revealing that 15/51 had
seroconverts but only 1/51 children developed erythema
migrans (Christen et al., 1993). When looking at borreliosis in
our study, all cases occurred in counties considered as high-
risk areas showing seroprevalence rates in forestry workers of
greater than 40%, according to the map obtained by Oehme
et al. (2002). Six of 16 cases (three in forest kindergarten
and three in conventional kindergarten) occurred within one
town. Seven of 16 cases were found in towns in nearby
located counties in the Northern part of Baden-Wuerttem-
berg. A German study stated an incidence rate of Lyme
borreliosis of 111 cases/100,000 inhibitants with the highest
rates occurring in children and elderly adults living in
wooded areas (Huppertz et al., 1999). As pointed out in a
study of Belongia et al. (1999), residential factors such as
residence outside the borders of a town or city and rural
neighborhood are associated with tick-borne diseases. Our
results confirm these findings because forest kindergartens in
Baden-Wuerttemberg are usually located peripherally. Only
7.9% of our investigated forest kindergartens were located in
city centers. Overall, the majority of German forest kinder-
gartens are found in rural areas such as small towns and
villages; this corresponds to the children’s residencies, in our
study 55.0% of forest kindergarten children lived in the
countryside. One has to bear in mind that these children
additionally stay outdoors because their families mostly have
private gardens (76.1% of forest kindergartens children,
67.8% of conventional kindergarten children). A Swedish
study found that there is a 4% risk of being tick-bitten per
10 hours spent outdoors and the risk of contracting Lyme
borreliosis was 1/221 tick bites (Stjernberg and Berglund,
2002). The mean outdoor stay of the children attending forest
kindergarten was 4.370.7 (standard deviation) hours per day
in our study. This number is in this range because it is
Table 3. Measures of relative risk for at least one tick bite and borreliosis in 1,649 children attending forest and
conventional kindergartens
Children in forest kindergartens Children in conventional kindergartens1
N Percent N Percent RR (95% CI) OR2 (95% CI) Adjusted OR3 (95% CI)
At least one tick bite
No 135 26.8 841 73.4 2.75 (2.46-3.07) 7.52 (5.93-9.52) 6.74 (5.29-8.60)
Yes 368 73.2 305 26.6
Borreliosis
No 493 98.0 1,141 99.6 4.56 (1.57-13.26) 4.63 (1.57-13.61) 4.61 (1.50-14.17)
Yes 10 2.0 5 0.4
1Reference category.
2Crude logistic regression estimates.
3Multiple logistic regression estimates adjusted for age, sex, skin inspection and recommended vaccination.
CI, confidence interval; OR, odds ratio; RR, risk ratio.
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common in Germany to have children attending kindergarten
half-day only. An American surveillance study revealed that
the incidence rate of cases of lyme disease peaked at 617/
100,000 persons per year among children aged 5–9 years
(Chow et al., 2003).
In 12/16 of our cases, borreliosis presented as erythema
migrans. Interestingly, in three cases, borreliosis presented
without any dermatological symptoms but with arthritis and
influenza-like symptoms. This supports the well-known
observation that erythema migrans is the most frequent
clinical manifestation of borreliosis (Berglund et al., 1995;
Priem et al., 2003), but children were described to have
more likely than adults, manifestations other than erythema
migrans alone, (Huppertz et al., 1999) including arthralgia
(Aberer et al., 1999). Influenza-like or unspecific symptoms
such as, for instance, malaise, fatigue, fever, headache,
myalgia, arthralgia should be seriously taken especially if
there is a history of tick bites. From our clinical experiences,
up to 50% patients do not remember tick bites were
confirmed by others (Christen et al., 1993; Priem et al.,
2003). This should encourage considering borreliosis as a
relevant differential diagnosis even if there is no corres-
ponding anamnesis. A relatively high frequency of neuro-
logical complications and arthritis was shown in a Swedish
prospective population-based survey (Berglund et al., 1995).
As already known in children, the head was the most
frequently affected site of borreliosis in our study population
too (Christen et al., 1993; Berglund et al., 1995); but the
upper arm was the second most frequent location of
borreliosis, followed by the legs. This deserves special
recognition because our results indicate that the arms may
be an underestimated location in children. We found one
case of urticaria, which was a rather unusual manifestation of
borreliosis. Anamnesis and IgM antibodies against B.
burgdorferi pointed towards this diagnosis, which was to
our understanding confirmed when all lesions completely
resolved after antibiotic treatment.
CONCLUSIONS
Our data show that children in forest kindergarten have a 2.8
higher risk for getting at least one tick bite and 4.6 higher risk
for coming down with borreliosis than that of children in
conventional kindergarten. Attending a forest kindergarten is
a risk factor for acquiring tick bites and for suffering from
borreliosis. Parental prevention measures were significantly
better in forest kindergarten children but our clinical study
also shows that behavioral prevention has its limitations if the
circumstances of a situation pose an increased risk. Preven-
tion of tick bites and borreliosis comprises a combination of
primary prevention, early diagnosis, and treatment.
MATERIALS AND METHODS
Kindergartens were selected in high or very high-risk counties of
Baden-Wuerttemberg, Germany, according to the map obtained
by Oehme et al. (2002). The contact addresses and details of
forest kindergartens were obtained via the homepage of the union
association of German forest kindergartens (www.bundesverband-
waldkinder.de). Forest kindergartens were chosen only if one
conventional kindergarten was located nearby to one forest
kindergarten in order to have pairs of comparable kindergartens
matched on location and environmental conditions. Kindergartens
were contacted by mail and telephone, and asked for participation
between December 2003 and February 2004. If interest was shown
by the kindergarten teachers, details of the aim and the structure of
the study were explained. The kindergarten teachers then had to
contact the parents, and obtain informed consent to participate in
the study. The study was approved by the Department of Clinical
Social Medicine, University Hospital Heidelberg, Germany.
Retrospective study
The questionnaire contained 32 questions in total such as: sex; date
of birth; nationality; place of residence; type; onset and daily hours
of stay in the kindergarten; previous diseases including atopic
dermatitis; hay fever; atopic asthma; previous routine childhood
vaccinations; and FSME (tick-borne encephalitis) vaccination. In a
separate subheading of the questionnaires, the parents were asked
about previous tick bites including location, number, month of
occurrence, and how they were removed. They were asked if they
had ever observed tick bite-associated symptoms (erythema,
nodules, fever, headache, malaise, arthralgia, palsy), if the diagnosis
of borreliosis had ever been confirmed by a physician, if a blood test
had been performed, and if borreliosis had ever been treated using
antibiotics. They were additionally asked how they protected their
children such as, clothing, use of (insect) repellents, skin inspection
including locations, frequency, and duration of skin inspection. They
were also asked how they obtained their knowledge about tick bites
and borreliosis (newspaper, TV, internet, textbooks). If parents
confirmed a history of borreliosis, they were asked for permission for
a telephone interview. This aimed to find out further details about
the previous borreliosis and to contact the treating physician (e.g.
family doctor, pediatrician, dermatologist) to obtain further informa-
tion of this case. After this retrospective study had revealed
significant differences concerning number of tick bites and cases
of borreliosis when comparing forest and conventional kinder-
gartens, a prospective cohort study was initiated.
Prospective study
Parents were asked to (March–October 2004) document monthly
their findings of the child in a prefixed questionnaire. All
questionnaires were returned to the study center monthly, coordi-
nated by the kindergarten. Parents were asked to record monthly the
number and site of tick bites and to mark the affected body regions in
a given picture. They were asked for associated skin symptoms along
with the tick bite site such as erythema and/or nodules and for any
general symptoms such as fever, headache, malaise, fatigue,
arthralgia, palsy. They were asked if they had consulted a physician.
If this was affirmed, they were asked if the diagnosis of borreliosis
had been confirmed, if a blood test had been performed, if
borreliosis had been diagnosed and if the child had been treated
with any medication such as antibiotics. In cases of diagnosed or
suspected borreliosis, parents were asked for permission to contact
the treating physician to obtain further information on this case. As it
is well known that borreliosis occurs with a latency of days to weeks
after the tick bite, parents and kindergarten teachers were asked to
pay attention for any of the above-mentioned symptoms and
probable cases of borreliosis after the month of October 2004. All
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kindergartens were additionally contacted by telephone in Decem-
ber 2004 and asked for any new cases or special occurrences
concerning the children.
Data analysis
Data entry and storage was done using MicroSoft Accesss Version
2000, and data analysis was performed with SASs Version 9.1 WIN.
Categorical data were summarized by means of absolute and relative
frequencies (counts and percents). Continuous data were analyzed
by means of the following summary statistics by group and total:
number of observations, arithmetic mean, standard deviation.
Possible differences between groups were tested using Fisher’s exact
test in case of categorical data and Wilcoxon’s rank sum test in case
of continuous data. Simple and multiple logistic regression analyses
were performed in order to calculate measures of relative risk.
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